In the last decade, many information system (IS) implementations took place in the healthcare organisations. Mainstream reasons for this evolvement are the increase of quality and safety of care, and reducing costs. As in many other sectors IS implementations in healthcare are complex, and confronted with many types of difficulties that significantly hinder achieving the objected benefits. So far, a number of systematic overviews and classifications of critical success factors (CSFs) have been available for IS implementation in healthcare, but a CSF framework specifically for clinical information systems (CISs) in hospitals does not exist. This paper provides such a framework, validates it, and translates it into a practical contribution for IT project managers in hospitals. The framework is based on a systematic literature review that has been performed to extract relevant SCFs from recent academic publications. After a filtering process, 58 publications have been selected from which 248 success factors have been extracted. Building upon seven existing classifications, the classification framework for CSFs in CIS implementations was build. Expert interviews were conducted to validate the framework and the relative weights of eight CSF categories. 
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INTRODUCTION
Over the last decade managers and policy makers in healthcare have increasingly become aware of the need to deploy and mature the use of information systems (ISs) in hospitals. Likewise the number of papers have increased with case-studies about IS implementations and IS projects in hospitals, and also in nursing homes and primary care. At a glance, much of these literature presents the same type of motives and drivers for this increased interest and evolvement in IS/IT. For instance, Culler et al. (2011) mention as motives to improve patient safety within the healthcare facility by having a more clear administration on the patients' data, being able to track orders and enhancing communication among departments, and reducing costs of the provided care caused by a higher efficiency. Another paper by Gruber et al. (2009) state that clinical information systems (CIS) mediate technological possibilities in healthcare by improving efficiency and effectiveness of services. Øvretveit et al. (2007) state that implementing an IS in a healthcare environment creates great potential to improve safety and quality, possibilities to reduce costs, and new service innovations. Likewise, Bhattacherjee and Hikmet (2007) claim that the most important reasons to implement IS in the healthcare industry are to reduce medical error rates, to improve healthcare delivery quality and to lower healthcare costs. According to Stablein et al. (2003) , hospitals in the USA have adopted the computerised physician order entry (CPOE) systems because of a more efficient and manageable method of creating orders for hospitalised patients. And even earlier studies, such as by the Health Canada (1999) are similar in the motives mentioned, to be able to improve information management, to have better access to health services, quality and safety of care, and to create insight in continuity of services and cost containment. A recurrent statement in literature is that the healthcare industry lags behind other industries in effectively exploiting IT for reducing costs and improving quality of services (Øvretveit et al., 2007) . Cho et al. (2008) state that investments in healthcare ISs rose rapidly in the last years but by resisting the given benefits of such systems, the healthcare industry undermines potential benefits of IS implementations. Cho et al. (2008) relate implementation difficulties to several causes: knowledge and management, people and organisations, social communication patterns, organisational structure and culture, resistance to change, and divergent interests across stakeholder groups. Øvretveit et al. (2007) likewise notice state that IS/IT are difficult to implement since they are part of a larger health system that need to balance multiple purposes and connects different organisations. At the national level, they mention the slow progress of the national Electronic Medical Record (EMR) in the UK as an example. This EMR should be implemented in all National Health Service (NHS) hospitals by 2005, but in 2003 only 3% met the target, and in 2006 the deadline was postponed (Øvretveit et al., 2007) . Also at the level of healthcare organisations, a typical problem is when starting a new IS project all major stakeholders have to agree on it. Even though the board of directors, the CEO, and major user groups (i.e., physicians, nursing staff) understand what kinds of advantages are feasible, it still remains difficult to justify costs of investments on IT projects (Leidner et al., 2010 ). CIO's in hospitals have a difficult decision task whether to pursue IT innovation or not. A successful IS implementation can result in many advantages, whereas an unsuccessful project may result in a loss of credibility with top management and skepticism about future IT investments (Leidner et al., 2010) . van der Meijden et al. (2003) claim that in healthcare new innovations will be predominantly judged by the direct value they offer for the patient. Only IS with a demonstrable practical utility for patient care or diagnostic procedures will be relatively easily accepted. The stakeholders that are expected to benefit from the adoption and use of new IS still have a strong resistance towards it. Paré et al. (2011) even report about boycotts of installed computer-based systems or strikes of physicians to oppose an implementation of a new EMR system. Freudenheim (2004) published an article about physicians at the Los Angeles' Cedars-Sinai Medical Center who rebelled against a newly installed CPOE system. Their complaint was that the systems distracted them too much from their medical duties. They forced the withdrawal of the system after it was already implemented in two-thirds of the 870-bed hospital. Gillespie (2002) reports that also nurses can be reluctant to use computers, as they fear to be distracted from patient care. IS implementation projects can fail because of nursing resistance. Doctors and nurses as the stakeholders who experience the biggest changes, have to see the benefits of the new IS transformation. Because they are largely responsible for the success of a new IS, they should be involved in the process of implementation. As a potential solution, De Mul et al. (2004) claim that social, political, and organisational aspects should all be recognised to determine the success of IS implementations in healthcare. Because of the complex, fluid, and socio-cultural aspects of healthcare work, the implications for IS development and implementation call for a sociotechnical approach. The difficulty with implementing a new IS is not the technical installation, but the creation of new work practices supported by this new system (De Mul et al., 2004) . In line with this, Berg (2001) stated that: "A well-functioning system exemplifies a match between the functionalities of the system and the needs and working patterns of the organization". While all the (classes of) factors and mechanisms mentioned so far are important with regard to IS deployment in healthcare, a framework to overview of their interconnection and underlying structure is lacking (Gruber et al., 2009 ). This research aims to provide such a framework by focusing on CISs implementations in hospitals. The aim is to construct a framework that is based on literature and theory, and at the same time is applicable in practice. In the next section, we first present a systematic literature review on studies that address success factors on IS implementations in healthcare organisations. Then we explain how the framework is constructed, and next how expert interviews were conducted to validate it. Both the literature base and expert experiences are finally combined to define a number of practical guidelines for project managers. The paper closes with a summary and conclusion.
METHODS AND RESEARCH STEPS

The systematic literature review
The systematic literature review performed as the first step of this study is aimed to extract success factors mentioned in recent scientific publications on CIS implementations. Five large databases have been searched: PubMed, Embase, Web of Science, CINAHL and EBSCO ASE. For each database a specific query was constructed. The constructed queries consist of three parts: 1 The first part ensured that a component of IT would be included in the resulting publications by searching for 'information technology', 'information technologies', 'ICT' or 'information and communication technologies'.of the corresponding database. This induces that no duplicates were removed from the results of the first database in the list, in this case the PubMed database. The resulting list was used to select publications based on title. By following the corresponding link the abstract was shown, which made it possible to select publications based on their abstract. For this selection the following criteria for inclusion were applied: 1 a qualitative-, quantitative-or mixed method methodology was used to collect original data 2 the publication concerns a situation in which at least a part of a CIS implementation is described 3 the described CIS implementation was performed in a hospital environment 4 the publication describes factors that contribute to the success of the implementation project 5 the described CIS implementation was performed in a hospital in a developed country or compasses a mature hospital in terms of IT infrastructure (this excludes projects described in third world countries) 6 the publication is reported in English. After the filtering process (removing duplicates, selection based on title, selection based on abstract, selection based on content) the included publications were saved and studied to extract factors that were mentioned by the authors as being related or relevant to CIS implementation projects positively and/or negatively. The factors were retrieved and identified by personal interpretation of the authors, crosschecking selection and definition of factors on a random base. Before executing this part of the systematic literature review, a common frame for factor selection and extracting was defined by the authors. The two most important guidelines were 1 to only select factors that were related to the original empirical research reported in the publication 2 to literally copy the factors as worded by the authors, to eventually rename and/or categorise them in the next step. This extraction process resulted in a long list of what can be labelled as critical success factors (CSFs) -although this term was not always mentioned or used as such in the publications.
Constructing the framework
Parallel with the systematic literature review, specific publications were retrieved that not reported results from original empirical research, but a meta-study, systematic literature review, or a scoping review. These publications are of special relevance for this research step, as in most cases they present classifications and frameworks themselves that can directly be used to construct the aimed CIS implementation framework. The studies that were used to construct our framework are: 1 Øvretveit et al. (2007) To construct our framework we synthesised (or: mapped) the seven frameworks and classifications as developed by these authors, taking completeness, coherency and practical applicability into account. The next section presents the results.
Expert interviews
The third step of the study consisted of seven expert interviews that were conducted to validate our framework. Before starting the interview, this research project was briefly explained. The interviewees were asked whether they agreed on recording the interview, explaining that this was done for processing the received detailed information. The interviewees received the transcribed interview text for approval. It was promised that citations remain anonymous and confident.
For this study, experts are selected that hold aggregated and specific knowledge and are 'networked and motivated persons. Following Meuser and Nagel (2005) , an expert is a person who is responsible for the development, implementation, or control of solutions, strategies, or policies. Also, this person has privileged access to information about groups of persons, or decision processes. An expert is not always 'neutral' but plays an important role in the definition of problems. The experts that were selected to hold three types of knowledge: 1 Technical knowledge, specific knowledge in the field and details on operations to understand the environment of the case in detail, in order to explain what happened during the process of implementation. 2 Process knowledge, about the processes that are involved to understand the process of implementation in order to report different success factors. 3 Explanatory knowledge, to collect subjective interpretations of relevance, rules, and beliefs. This type of knowledge is important as the experts should be able to explain their beliefs on to what extent a factor influences the success of a IS implementation. The interviews consisted of three parts, as shown in Figure 1 . The first part focused on the expert's experience and the case, the second part discusses the success factor categories, and the third part seeks for the expert's guidelines on best practices.
[FIGURE 1]
The first part of the interview focused on the expert's experience in CIS implementations. The second part discusses the framework and its CSFs. The third part queried the expert's view on best practices in CIS implementations in hospitals. The results from this part of the interview are not used for this paper.
RESULTS
The systematic literature review
After the stepped selection procedure as explained above, a set of 58 publications remained for extraction and analysis. The 58 references are presented in Appendix. Figure 2 summarises how the exclusion of papers evolved over the selection steps, starting with 1,431 publications of which the majority (over 60%) was retrieved from PUBMED.
[FIGURE 2]
Of the 58 studies, 56% of the publications reported on CIS implementations in hospitals in the USA, 7% hospitals in Australia, 7% on hospitals in the UK. The other papers described hospitals in different European countries, India and Taiwan. This bias towards English speaking countries is a common result from the language selection applied, and the fact that scientific production in the field of ISs and health is led by US authors or authors that are employed by US universities or research institutes. Analysing the years of the 58 publications, Figure 3 demonstrates that the number of papers on CIS implementation is increasing; most studies have been published over the last six years. Before 2005, the subject of IT success in hospitals was addressed only sparsely, although it should be accounted that the total number of publications has increased extremely during the last five to ten years as well. The SLR was performed at the beginning of 2011, which explains the low frequency score in that year. It remains an interesting question if the lower frequency in 2010 indicates a temporarily 'dip' in the publication stream about the subject of CIS implementations in hospitals, or marks 2009 as the year in which the scientific interest in this subjected has peaked.
[FIGURE 3]
All 58 publications were classified by the authors according to the type of (original) research that was presented in the paper. The majority of publications report on case studies of (single) hospitals, using interviews, observation or focus groups as methods. Quantitative research (based on survey or secondary data and statistical analysis) is represented in 31% of the publications. This is an understandable result given the complexity of the subject which is probably best approached by more explorative, qualitative methods. Also, the lack of standard measurements to collect data about IT projects in hospitals probably explains why quantitative methods are less applied.
The CSFs extracted and classified into a framework
The 58 included publications were studied by the authors in order to extract all relevant factors mentioned in the paper, following the extraction procedure as explained in the previous section. This coding analysis resulted in 248 success factors extracted from the papers, according to the name or label that was used by the authors. Given that the notation (naming, wording) of the factors differed between publications, but in most cases factors refer to the same concept, the next step was to group the 248 factors for further analysis. As explained before, seven specific publications were used to derive a new, applicable and informative categorisation of CSFs of CIS implementation in hospitals (i.e., Øvretveit et al., 2007; Stablein et al., 2003; Kouroubali, 2003; Keshavjee et al., 2006; Marques et al., 2011; Callen et al., 2009; van der Meijden et al., 2003) . The categorisations of these seven authors/papers were compared and then integrated by the authors. The requirement of the new classification was to provide a practical overview on the one hand, and to cover the variation of the selected literature on the other. The mapping and synthesising exercise resulted in eight different CSF categories that were defined as the base of the framework, labelled by the authors as: 1 system 2 user 3 project management 4 resources 5 organisation 6 workflow 7 IT infrastructure 8 evaluation.
[FIGURE 4]
On purpose, the names of the new categories were kept as short as possible while at the same time covering a relatively homogeneous class of success factors. Figure 4 shows how the classification categories of the seven authors were mapped to the eight newly defined categories. Next, we shortly describe the content of each category, summing mist of the relevant factors per category: 1 System: This category includes the success factors which have affinity with the system that will be implemented. Obviously, most success factors have a connection with the system that will be implemented, but this category focuses mainly on the features or properties of the system. Examples of success factors which will be assigned to this category are: 'usability', 'data accuracy', and 'reliability'. Success factors like 'perceived ease of use' will also be assigned to this category, as well as to the user category, because the user is the actual person who perceives the properties of the system. 2 User: The user category focuses on success factors that are connected with users. This connection includes a broad scope of factors. Examples are: 'the involvement of users during the phase of requirements gathering', 'the education or experience of users', but also 'user acceptance of the new system'. 3 Project management: This category explicitly stems from one of the selected publications including success factor categories. It includes an important range of success factors. Project management gives guidance to an implementation project. The project manager has an important role because this is the person who communicates with the stakeholders, e.g., the future users or the organisation. This category includes success factors like: 'management support', 'leadership', and 'staged implementation'. 4 Resources: This category has a limited scope but was mentioned by most of the seven papers as important. Success factors like: 'enough people' and 'flexible budgets' are included. Resources are unpretentious needs which are involved in any type of implementation project. 5 Organisation: This category might be interpreted as close to the 'system' and user' categories but finds itself on a different level. For the success of a project the organisation and its culture can be important. Examples of success factors assigned to this category are: 'change readiness', 'organisational structures ', and 'communication'. 6 Workflow: This category has success factors assigned that are connected to ongoing processes in a hospital, the workflow. Examples of success factors are: 'frequency of use', 'changed documentation habits', and 'impact on patient care'. When a new IS project is implemented, many stakeholders in a hospital are affected in their daily activities. It is important that care processes do not change too much or that it is clear what the advantage is when processes change. 7 IT infrastructure: The success factors assigned to this category focus on the IT infrastructure of a hospital. Examples of success factors are: 'hardware', 'networks', and 'performance of the network'. 8 Evaluation: This category focuses on the actual evaluation of the IS implementation. Because a project has no clearly defined start-and endpoint, it is an ongoing process, evaluation of phases can be important to achieve success. While the project management category is based on actively managing a project and its future, this category has success factors assigned that look back and evaluate. Examples of these success factors are: 'feedback', 'dialogue', and 'support'.
All 248 success factors extracted from the 58 publications were allocated into our classification framework, i.e., over the eight categories. This was done by the authors in line with the first extraction process, and in interaction when necessary. This allocation process cumulated the confidence that the classification was extended enough to cover all factors, and at the same time sparse enough to be overviewed and structured. It turned out that most of the 248 factors were allocated to the category 'project management' (25%), another substantial proportion to the categories 'user' (21%), 'organisation' (20%) and 'system' (14%). Quite interestingly, only a few SCFs were allocated in the categories 'evaluation' and 'IT infrastructure' (3% and 4%) and the categories 'resources' and 'workflow' (6% and 7%).
Expert validation of the CSF categories found from literature
The main part of the interview focused on the success factors and categories found in the systematic literature review. The list eight categories and their explanation, as shown above, was presented and shortly explained to the experts. Three of the experts stated that the classification was very recognisable and suggested that it needed no adaptation. The other four experts also understood the framework, made some minor suggestions to adapt it, and were specifically interested in how the factors were extracted and allocated. Then it was explained to the experts that four categories covered most of the original CSFs as extracted from the 58 publications [e.g., 'project management' (25%), 'user' (21%), 'organisation' (20%) and 'system' (14%), see previous section]. The experts very well understood this result confirming that these four factors can be considered as a 'top 4'. One expert stated that the factor 'IT infrastructure' is actually more 'important' than suggested by the result from the literature review and CSF allocation. With most expert it was discussed whether the frequency a CSF was mentioned in literature really reflects its importance.
CONCLUSIONS AND DISCUSSION
In this paper a classification framework for CIS implementations in hospitals is developed, described and validated. The basis for the framework is a specific SLR conduced in 2011. This SLR shows that empirical studies on IS/IT implementation in hospitals are merely US-based case studies published between 2006 and 2010. From 58 carefully selected publication, a total of 248 SCFs were extracted. Then, seven important publications in the field were compared with regard to their classifications of CSFs, resulted into a meta classification of eight categories for CIS implementations. All 248 success factors were subsequently allocated over these eight categories. It appears that most CSFs belong to four categories: project management, user aspects, system aspects, and organisation aspects. The classification framework and the allocation of the CSFs were confirmed by seven selected experts that were deeply and recently involved in the practice of CIS implementation in Dutch hospitals. To the best of our knowledge, the classification framework for CIS implementations in hospitals developed in this paper, can be considered as one of the first (or few) in its field. Although it is derived and validated as carefully as possible, its real value needs to be further demonstrated and investigated. Further research can be performed on other types if IS/IT systems in hospitals, exploring if the same type of CSFs would result from an SLR and classification routine. Also the number of experts and CIS projects to validate the framework can obviously be increased. Finally, it would be useful to let other researchers replicate the classification and allocation exercise to aggregate the list of 248 CSFs into the eight categories. During our SLR and study, we found the need for a common definition of what a CIS implementation actually is, and how its success can be defined and measured. Further research can be performed to develop such specific definitions. Doing so it is important to take different types of hospitals and different stakeholders into account. Project manager might have a different vision on what success of a CIS implementation is; and so have users, board of directors, IT vendors, healthcare professionals and so on. This draws back on the extended and complex stakeholder environment every hospital is in nowadays, probably regardless its type and location. The classification framework for CIS implementations as developed in this paper might hence be also stakeholder sensitive (i.e., 'situational').
